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INTRODUCTION

87
The challenges associated with wastewater treatment, such as rising energy costs, increasingly stringent effluent 88 requirements, quality controls, and limited land for treatment plants, have led to the development of innovative 89 and efficient technologies with high capacity. Biological methods play a crucial role in wastewater treatment . 1 
90
Biofilm-based technologies for the treatment of municipal and industrial wastewater were developed to 91 overcome several disadvantages faced by conventional activated sludge systems and often produce higher 92 effluent quality. 2 The performance of biological wastewater treatment processes are determined by the activity 93 of microorganisms. 3,4 Therefore, it is essential to gain a detailed insight into the structure and function of the 94 microbial community to explore its relation with the system performance, and to assist in the design of tailored 
106
The present study aims to investigate the taxonomic structure of metabolically active biofilms grown on 
117
MATERIALS AND METHODS
118
Evaluation of support media
119
Discarded polypropylene ping pong balls, with a surface area (4πr 2 ) of 50.24 cm 2 , were selected as biofilm 120 supporting media in an aerobic fixed biofilm reactor (FBR) for treatment of municipal wastewater. X-ray
121
Photoelectron Spectroscopy (XPS) analysis was performed using a Theta Probe Spectrometer (Thermo Fisher
122
Scientific, East Grinstead, UK) for elemental quantification of the surfaces. The XPS spectra were acquired 123 using a mono-chromated Al Kα X-ray source (h = 1486.6 eV), and analyzed using Avantage software (Thermo
124
Fisher Scientific, East Grinstead, UK).
125
Experimental setup and operation
126
The biofilm was allowed to develop on sterilized polypropylene (PP) balls using municipal wastewater as a seed
127
(300 mL) in small reactors (500 mL) under aerobic conditions, using a continuous airflow rate of 4 L/min ( 
151
extension at 72°C for 10 min. The duplicate PCR products were pooled and purified using the QIA quick gel 152 extraction kit (Qiagen, Hilden, Germany), and the purified products were used for pyrosequencing.
153
2.4 Post-run analysis of nucleotide sequences.
154
All partial 16S rRNA gene sequences were preprocessed initially using the Pyro-pipeline at the Ribosomal
155
Database Project (RDP) to sort by barcode and remove primers and barcodes from the partial ribotags, and 156 discard low quality and short (< 250-bp long) sequences. These sequences were denoised and assembled into 157 clusters using the precluster command to generate the fasta files datasets. 
165
Heat maps), samples were rarefacted to reduce sequence heterogeneity. For the evaluation of the similarity in
166
bacterial community composition among all three samples, the relative sequence at class and genus level for 167 each sample was used to calculate pairwise similarities. All data were transformed by square root calculations
168
and Bray Curtis similarity matrixes were generated using the software Primer v6 (PRIMER-E, Plymouth, UK). 
189
curves were generated using a 3% cutoff, indicated a large number of sequences in the biofilm retrieved from PP
190
carriers at 20°C (Fig. 3) . 
192
Ribosomal Database Project (RDP) classifier was employed to assign the effective bacterial sequences to 193 different phylogenetic taxa. In total, ten phyla were observed (Fig. 4) 
213
However, Erysipelotrichia were not found in the biofilm at 30°C (Fig. 6C) .
214
A total of 32 known orders and 1 unknown order were identified, using the RDP classifier (Table S3) . From 215 those, 13 orders were present in all biofilm samples (Fig 7A) 
219
Nitrosomonadales, Gemmatimonadales, and Planctomycetales and varied from 0.1-3.5% (Fig 7A) . However,
220
some orders like Actinomycetales (0.15%), and Alteromonadales (0.21%) were distinctly restricted to 10°C 221 biofilms. While, Desulfobacteriales was found only at 20°C with relative of 0.21% (Fig 7A) .
222
At the family level, a total of 53 families were found (Table S4) , with Comamonadaceae, Rhodocyclaceae,
223
Carnobacteriaceae, Caulobacteraceae, and Aeromonadaceae being the most abundant, accounting for 57.2, 9 48.8, 41.8, 17.8, 14.9% respectively in all the samples (Fig. 7B) . The relative abundance of Caulobacteraceae
225
and Aeromonadaceae were higher at 10°C, accounting for 17.1% and 13.2%, respectively, as compared to their 226 at 20°C (0.4 and 1.1 % respectively) and 30°C (0.4 and 0.6% respectively). However, the relative abundance of
227
Comamonadaceae was much higher at 30°C (40.5%), as compared to 10°C (13.8%) and 20°C (2.9%). Some 228 families, like Nocardiaceae and Holophagaceae were shared by all biofilm samples, at relative abundances 229 below 1.0% (Fig. 7B ).
230
On a finer scale, microbial communities of all samples were distributed in 108 genera of bacteria (Table S4 ).
231
The top abundant genera in each biofilm sample were selected for generating the heatmap, which illustrated 232 shared genera (Fig. 8) . Among shared genera, the dominating genera were Trichococcus, Zoogloea, Aeromonas,
233
Acidovorax, and Malikias (Fig. 8) . The relative of these genera varies from 3.1-36.8%, 2.3-9.4%, 0.6-13.2%,
234
0.4-9.1% and 0.2-1.9% respectively in all three biofilm samples (Fig. 7C ). 
247
(5.5%), Sulfurospirillum (2.5%), Stenotrophomonas (2.1%), Uliginosibacterium (1.5%), however other were 248 much less (<1.0% relative abundance). The genera Erythromicrobium was also detected in the biofilms 249 developed at 10 and 30°C, but not in the 20°C (Fig. 7C) . , and the highest DO increase (70.5%) was observed in the 30°C reactors, followed by the reactors at 20 and
264
10°C. The pH in the 30°C reactors increased from 7.3 in the influent to 7.4 in the effluent. A small change was 265 observed at 10°C, with a value of 7.2 in the effluent, while the pH of the effluent at 20°C dropped to 7.0.
266
DISCUSSIONS
267
We investigated the composition and diversity of physiologically active biofilms developed on polypropylene 
278
nitrogen, zinc contents (Fig. 2) .
279
Biofilm community composition and diversity
11
The effect of temperature on biofilm formation within PP-FBRs was explored after 14 days of the experiment.
281
In order to investigate the composition of the bacterial community, 16S rRNA gene sequences were obtained 
290
curves of all the observed OTUs were developed (Fig. 3) . This curve persistently increased with the number of 291 sequences in the samples and did not reach a plateau, demonstrating that further increases in sample size would
292
yield more species and suggesting that minor species would have remained unidentified. The data presented here
293
was based on the evaluation of 14-days old biofilms, capable of degrading pollutants in the wastewater. The
294
biofilm sample retrieved at 30°C was the steepest, reflecting the highest species richness among the samples.
295
The highest bacterial diversity was found in the biofilms developed on 30°C, while the lowest diversity was
296
found in the biofilms developed at 10°C ( 
313
Gemmatimonadetes (1.0%), Planctomycetes (1.0%), Acidobacteria (1.0%) and Cynobacteria (1.0%) (Fig. 5) .
314
These phyla were reported to be widespread in other wastewater treatment systems. 20 
350
The relatively large numbers of genera were distinctly detected in biofilm samples retrieved from 30°C. The 
382
Camelimonas, and Dysgonomonas (relative <0.1%) were restricted to the biofilms retrieved from 20°C (Fig. 
383
7C; Table S4 ). The strain Aquincola is strictly an aerobic, previouly isolated from methyl tert-butyl ether
384
(MTBE)-contaminated aquifer 54 , and a wastewater treatment plant 55 and is one of the most efficient aerobic
385
MTBE degraders. 56 The genus Diaphorobacter has the capability of carrying out simultaneous nitrification and 386 denitrification. 57 Diaphorobacter sp. were previously isolated from an industrial wastewater treatment plant 387 utilizing 3-nitrotoluene (3-NT) as a sole source of carbon, nitrogen and energy, 58 through the dihydroxylation of 388 the benzene ring. 59 Achromobacter sp. were isolated from wastewater reported to degrade di-n-Butylphthalate 60 .
389
At the genus level, some species, including Undibacterium, Janthinobacterium, Bosea, Devosia, Gemmobacter,
390
Paracoccus, Nubsella, Pedobacter, Microbacterium, and Shewanella were distinctly observed with very low 391 abundances (<0.1%) ( Table S4 ; Fig. 7C) . Surprisingly, some of them, like Microbacterium sp. was isolated 392 from activated sludge as ethylhexyl phthalate (DEHP)-degradation strain and reported to have an optimal 393 temperature of 25-35°C. 61 Other genera such a, Flavobacterium was found at 10 and 30°C. However, its
394
relative abundance was distinctly high at 10°C (Fig. 7C) . These results were in accordance with Biswas et al. 62 ,
395
who observed elevated levels of Flavobacterium in the winter in treatment plants. Recently, the strictly aerobic
396
Flavobacterium was also isolated from a municipal wastewater treatment plant. 63 Flavobacteria has been found 397 15 to be abundant in wastewater treatment systems exhibiting good resistance to pollutants. 14 They are able to low 398 temperature protein degradation through the activity of psychrophilic proteases. 5 This suggests the capability of 399 degrading all types of protein in wastewater in the reactors at low temperatures.
400
A large number of genera (15) were found in both 10 and 20°C biofilms (Fig. 7C) . Surprisingly,
401
Brevundimonas was observed in the biofilms with high relative abundances at 10 and 20°C, contrary to previous 402 research, in which an optimal growth temperature of 30°C was reported. 64 Brevundimonas sp. is an effective 403 extracellular polymeric substance (EPS) producer 65 that can participate in an aerobic biofilm formation.
404
Brevundimonas sp. participates in the biosorption of nickel, copper and lead from wastewater. 
408
Dechloromonas sp. had been observed at relative abundance in an anaerobic and aerobic zone of biofilms as 409 potential PAO. 28 It was also shown that certain bacteria like Dechloromonas were responsible for nitrate 410 reduction in wastewater. 68 The genera Rheinheimera and Lactococcus sp. were also present in both biofilm 
416
In this study, correlations were detected between bacterial diversity indices and operational/functional 417 parameters like temperature, BOD, DO, etc. (Fig. 9) 
431
Oxygen supply determines the bacterial growth and biomass decay rates and influences bacterial composition.
67
432
In the present study, we cannot attribute the distinct biofilm communities on PP media in the different FBRs, as 433 the same DO levels were observed in the influents.
435
CONCLUSIONS
436
In this research, a greater diversity of bacterial populations was found in the biofilms at 30°C, large number of 
450
indicate that a system for the biological treatment of wastewater can be constructed using inexpensive materials
451
to support the bacterial biofilms. 
